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@ Intramuscular lead having improved insertion. 

@ An intramuscular lead (100) for the electrical 
stimulation of muscle tissue. The improved lead 
has a needle (118) connected to a strand of 
suture (120), a coiled conductor (108) coupled 
to the strand by a reduced diameter portion of 
the coiled conductor, an insulative cover (101) 
over part of the coiled conductor ; and tenminal 
connector means (102) coupled to the coiled 
conductor to provide a connection to a pulse 
generator. Through such a construction the 
lead may be more readily introduced through 
musde tissue. 
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1 EPO 

The present invention generally relates to skele- 
tal muscle stimulation, and more particularly, it re- 
lates to an intramuscular lead system having an im- 
proved electrode end for easier insertion. 

Skeletal muscle tissue is often used to provide 
cardiac assistance. Such systems which utilize skel- 
etal muscle tissue may be seen in U.S. Pat. Nos. 
4.411.268, 4,813,952, and 4.735.205. 

Such systems use a patient's own muscle tissue 
in conjunction with an implantable pulse generator to 
provide cardiac assistance. In comparison to present- 
ly available cardiac assist systems using wholly arti- 
ficial structures, systems using a patient's skeletal 
muscle are extremely compact and energy efficient. 
Such canjiac assist systems, however, are not with- 
out limitations. One problem presented by the use of 
skeletal muscle power for cardiac assistance is the 
application of electrical stimulation signals to cause 
skeletal muscle contraction. 

The electrical connection between an implant- 
able pulse generator and the desired skeletal muscle 
is accomplished through a lead. Generally speaking 
a lead is a wire insulated along its length and having 
an electrode at one end and connectable to a pulse 
generator at its other end. Through a lead the electri- 
cal signal may be communicated to and from skeletal 
muscle tissue. 

The earliest skeletal muscle powered cardiac as- 
sist systems used screw-in type leads for skeletal 
muscle stimulation. A major improvement to these 
leads is found in the use of steroid eluting pacing 
leads. U.S. Pat. No. 4,711,251 teaches the use of an 
endocardial pacing lead having steroid drug embed- 
ded in the distal tip. This embedded steroid drug 
treats the heart tissue immediately in contact with the 
pacing electrode. U.S. Pat. Nos. 4,506.680; 
4,577,642; and 4,606,118 teach similar endocardial 
leads, all of which treat the electrode contact area 
with a steroid. United States Statutory Invention Reg- 
istration No. H356 discloses an endocardial pacing 
lead suitable for epicardial insertion which elutes a 
steroid drug from the electrode. 

A further improvement in intramuscular lead 
technology arose with the adaptation of heart wire 
technology for chronic pacing use. Typically such 
leads are constructed as follows: A connector assem- 
bly has a coiled connector attached thereto. The 
coiled connector is insulated along a part of its length 
while a suture runs throughout its inner lumen, from 
the connector assembly to an end. At the end of the 
suture a helical portion is formed, and a needle is at- 
tached to the end of the suture. The suture material 
is treated with a steroid drug, such as a glucocorticos- 
teroid, along its entire length. Additional drugs which 
may be imbedded within the strand include antibiot- 
ics. Upon chronic implantation, the steroid drug is 
eluted from the suture material, thus treating possible 
tissue inflammation or damage caused by the implan- 
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tation procedure or subsequent irritation. 

One drawback to such a lead as presently config- 
ured is found at the conductor coil- suture interface. In 
designs presently in use the conductor coils are at- 

5 tached to the end of the suture by a crimp sleeve. In 
such a manner a tip electrode is formed. Because the 
suture is used to pull the electrode coil through mus- 
cle tissue during implantation, the crimp sleeve used 
to form a tip electrode, which has a larger diameter 

10 than either suture or electrode coil, creates friction. 
Such friction creates difficulties to the physician dur- 
ing implantation. For this reason a flexible, specifical- 
ly designed lead having a relatively slender dimen- 
sion at the conductor coil-suture interface is desired. 

15 Briefly, the above and further objects and fea- 

tures of the present invention are realized by provid- 
ing a new and improved intramuscular lead. The lead 
can be used to electrically stimulate muscle tissue 
that is configured for a cardiac assist system powered 

20 by surgically modified skeletal muscle tissue. The 
skeletal muscle is either wrapped about the heart it- 
self, or about an auxiliary pumping chamber attached 
to the aorta. Electrical stimulation is supplied via the 
intramuscular lead to cause contraction of the skele- 

25 tal muscle in synchrony wfth the natural or artificially 
paced heart rate and timed to obtain the desired he- 
modynamic effect. The improved lead has an elec- 
trode which is embedded in the skeletal muscle. The 
electrode is attached to a suture through a tapered or 

30 reduced diameter section of electrode coil. Through 
such a taper the electrode coil and suture are firmly 
joined. 

Thus according to the invention there is provided 
an implantable lead for stimulation of a skeletal mus- 
35 cle comprising: 
a needle; 

a strand of suture connected to the needle; 
a coiled conductor connected to the suture; 
an insulative cover over part of the coiled con- 
40 ductor; and 

terminal connector means coupled to the prox- 
imal end of the coiled conductor; 
characterized in that the coiled conductor has a first 
coil portion and a second coil portion distal of the first. 
45 said second coil portion being of reduced diameter 
compared to the first and being coupled to a proximal 
portion of the suture. 

The above and other objects, features and ad- 
vantages of the present invention will be more appa- 
50 rent from the following more particular description of 
specific embodiments thereof, given by way of exam- 
ple only, and presented in conjunction with the ac- 
companying drawings, wherein: 

FIG. 1 is an schematic view of one configuration 
55 of a cardiac assist system; 

FIG. 2 is a plan view of a chronically implantable 
stimulation lead according to the present inven- 
tion; 
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FIG. 3 is an enlarged partial view of the coiled 
conductor-suture interface of a chronically im- 
plantable stimulation lead according to the prior 
art; 

FIG. 4 is an enlarged partial view of the coiled 
conductor-suture interface of a chronically im- 
plantable stimulation lead according to the pres- 
ent invention; 

FIG. 5 is a schematic view of the chronically im- 
plantable lead according to the present invention 
positioned in a skeletal muscle: and 
FIG. 6 is an enlarged partial view of the coiled 35 
conductor-suture interface of an alternative env 
bodimentof a chronically implantable stimulation 
lead according to the present invention. 
Cardiac assist systems utilizing electrically 
stimulated skeletal muscle supplement the heart in 
performing blood circulation. This assistance may 
take two basic forms. The first of these directly as- 
sists the natural heart by increasing aortic pressure 
at the sarrie time as the heart. This may be imple- 
mented by wrapping the skeletal muscle about the 
heart. The second form increases circulatory system 
pressure during relaxation of the heart. The resulting 
increase in coronary perfusion provides the desired 
assistance to the heart by increasing myocardial oxy- 
gen supply. 

With either form of cardiac assist, the heart is 
electrically sensed to ensure that the skeletal muscle 
is stimulated in the proper timing relationship to heart 
contractions. FIG. 1 shows a typical cardiac assist 
system 5 used to provide indirect assistance to the 
cardiac function. Specifically, this particular mode 
performs counter pulsation for enhanced perfusion. 
As discussed above, enhanced perfusion increases 
myocardial oxygen supply. It should be understood 
that this particular mode of cardiac assist is shown for 
the purpose of illustration only and not by way of lim- 
iting the scope of the present invention. Other modes 
of cardiac assist may be found in U.S. Pat. No. 
4.813.952. 

The human heart 10 is assisted by counterpulse 
contraction of skeletal muscle 22 and this results in 
the enhanced perfusion of cardiac tissue. Pulse gen- 
erator 36 senses contractions of human heart 10 by 
lead 34. After a delay, pulse generator 36 sends stim- 
ulating pulses to skeletal muscle 22 via lead 100, 
thereby inducing contraction. As skeletal muscle 22 
contracts, it reduces the diameter of chamber 20 
which is coupled to aorta 12 via stub 16. This contrac- 
tion increases aortic pressure, thereby improving 
perfusion through the coronary vascular system. 

Skeletal muscle 22 must be conditioned to re- 
spond in the desired manner without or at least with 
minimal fatigue. U.S. Pat No. 4.411,268 teaches 
such a method of conditioning. 

FIG. 2 is a plan view of a chronically implantable 
lead 100 according to the present invention for stinv 



ulation of skeletal muscle 22 which powers cardiac 
assist system 5 of FIG. 1. The proximal end of lead 
100 contains a connector 102 which couples to pulse 
generator 36 (not shown in FIG. 2). Connector 102 

5 has sealing rings 104 which provide a fluid tight con- 
nection with pulse generator 36. A terminal pin 106 
electrically couples lead 100 to pulse generator 36. 

An insulating sheath 101 electrically insulates 
lead 100, and specifically coiled conductor 108. 

10 Coiled conductor 108 is coupled at one end to con- 
nector 102 and runs to its distal end 107. An electrode 
114 is fashioned from an uninsulated portion of coiled 
conductor 108. Electrode 114. therefore, may be elec- 
trically connected to pulse generator 36. 

15 A strand 120 of suture material of polypropylene 
orother polymer is attached to distal end 107 of coiled 
conductor 108. A curved surgical needle 118 is mech- 
anically attached to the distal end of strand 120 of su- 
ture material. 

20 A drug (such as a steroid and/or antibiotic) may 
be releasably imbedded within the polymer of strand 
120. During the life of lead 100. this drug etutes out 
into the surrounding tissue at a predetermined rate. 
Preformed helix 1 22 is deformably molded into strand 

25 1 20. Further description of imbedding a drug within 
strand 120 may be found in U.S. Patent No. 
5,086,787. A detailed explanation of preformed helix 
122 is found in U.S. Pat. No. 4.341,226. 

FIG. 3 is an enlarged partial view of coiled 35 con- 

30 ductor-suture interface 1 09 of a stimulation lead 100 
according to the prior art. As seen, coiled conductor 
1 08 was attached to strand 120 through a crimp core 
111. As seen, crimp core 111 presents a relatively bul- 
ky dimension, and specifically wider diameter, as 

35 compared to coiled conductor 108 and strand 1 20. 

FIG. 4 is an enlarged partial view of coiled con- 
ductor-suture interface 109of a stimulation lead lOO 
according to the present invention. As seen, coiled 
conductor 108 is attached to strand 120 througn use 

40 of a reduced diameter portion or taper 113. Specifi- 
cally, coiled conductor 108 is tapered to a dimension 
so that it firmly is attached to strand 120. Taper 113 
may be accomplished in any known manner mduding 
swaging. Although not specifically depicted, the re- 

45 gion of strand 120 engaged by taper 113 may be 
roughened so as to decrease its smoothness and en- 
hance the grip of taper 113 thereto. Any suitable tech- 
niques may be used to provide such a rough surface 
including knurling strand 120. In addition, an adhe- 

50 sive may also be applied to strand 1 20 in the vicinity 
of taper 113 to enhance the grip of taper 113 thereto. 
Finally, to enhance the grip of taper 113 to strand 120 
the coils of taper 113 may also be spot welded to one 
another once the strand and coils are joined. 

55 FIG. 5 is a schematic view of lead 100 according 

to the present invention positioned in a skeletal mus- 
cle. As seen, needle 118 enters skeletal muscle 22 at 
puncture 128. It proceeds along path 132 and exits 
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skeletal muscie 22 at exit point 130. As needle 118 
proceeds through muscle 22 it pulls strand 120 and 
coiled conductor 108 therewith. Because taper 113 is 
dimensioned as less than the widest dimension of 
coiled conductor 108, lead 100 may be inserted rela- 5 
lively easier than the lead featuring interface 109 
shown in FIG, 3. Preformed helix 122 sustains elec- 
trode 114 in contact with skeletal muscle 22 at an ap- 
propriate position along path 132. If glucocorticoster- 
oid is used, it elutes out from strand 120 and is able io 
to reach all along path 132 including puncture 128 
and exit point 130 to minimize acute and chronic in- 
flammation. 

FIG. 6 is an enlarged partial view of coiled con- 
ductor-suture interface 109 of an alternative embodi- 15 
ment for a chronically implantable stimulation lead ac- 
cording to the present invention. This embodiment is 
the same as that previously described with the excep- 
tion of a retaining collar 115 positioned on taper 113. 
Collar 115 is stressed to provide additional clamping 20 
to strand 1 20 from coiled conductor 1 08. As seen col- 
lar 115 presents a cross-sectional dimension no larg- 
er than coiled conductor 108. 

While the embodiment of the present invention 
has been described in particular application to cardi- 25 
ac assist technology, it will be understood the inven- 
tion may be practised in other electrode technologies 
where the aforementioned characteristics are desir- 
able, including neurological and muscle stimulation 
applications. 30 

Furthermore, although the invention has been 
described in detail with particular reference to a pre- 
ferred embodiment, it will be understood that varia- 
tions and modifications can be effected within the 
scope of the invention which is defined by the follow- 35 
ing claims. Such modifications may include substitut- 
ing elements or components which perform substan- 
tially the same function in substantially the same way 
to achieve substantially the same result for those de- 
scribed herein. *o 



duced diameter compared to the first and being 
coupled to a proximal portion of the suture. 

2. The lead according to claim 1 wherein the second 
section of the strand is smooth. 

3. The lead according to claim 1 wherein the second 
section of the strand is roughened. 

4. The lead according to claim 3 wherein the second 
section of the strand is knurled. 

5. The lead according to claim 1, 2, 3 or 4 further 
comprising an adhesive on the second section of 
the strand. 

6. The lead according to any preceding claim, 
wherein the strand is treated with elutable drug. 

7. The lead according to claim 6, wherein the drug 
comprises a glucocorticosteroid. 

8. The lead according to claim 6 or 7 wherein the 
drug comprises an antibiotic. 

9. The lead according to any preceding claim fur- 
ther comprising a collar about the second portion 
of the coiled conductor. 



Claims 



1. An implantable lead for stimulation of a skeletal 
muscle comprising: 
a needle: 

a strand of suture connected to the nee- 
dle; 

a coiled conductor connected to the su- 
ture; 

an insulative cover over part of the coiled 
conductor and 

terminal connector means coupled to the 
proximal end of the coiled conductor 
characterized in that the coiled conductor has a 
first coil portion and a second coil portion distal 
of the first, said second coil portion being of re- 
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(54) Intramuscular lead having Improved insertion 

(57) An intramuscular lead (lOO) for tfie electrical 
stimulation of muscle tissue.. The improved lead has a 
needle (ll8) connected to a strand of suture (120). a 
coiled conductor (108) coupled to the strand by a re- 
duced diameter portion of the coiled conductor an insu- 
lative cover (101) over part of the coiled conductor: and 
terminal connector means (102) coupled to the coiled 
conductor to provide a connection to a pulse generator. 
Through such a construction the lead may be more 
readily introduced through muscle tissue. 
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